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(57) Abstract: A method for estimating the charging rate accurately by approximating the open circuit voltage of a secondary battery 
with high precision. In the charging rate estimating method, initial setting of required parameters is performed in order to estimate 
the charging rate of a secondary battery for feeding power 
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to a load (step SI 1), voltage of the secondary battery is measured within a specified time after ending charge/discharge and a plurality 
of voltage measurements are acquired on the time axis (step SI 2), sequential calculation is performed using them (steps S14-S21), 
coefficients of a second or higher order exponential damping function approximating the time characteristics of open circuit voltage 
of the secondary battery are determined and the converged value of open circuit voltage of the secondary battery is determined at 
least based on the coefficients thus determined (step S22), and then the charging rate is estimated based on the converged value of 
open circuit voltage (step S24). 
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dR3 


dd\ 




5(4,1) 


• 




dRA 


dd5 




• 






dRS 


dd6 




• 






dR6 


ddl 










an 


dd% 










dRZ 


<dd9, 






5(9,9), 




{dR9) 



(11) 

[0084] -(D&oiZ^ ^-/yS19tC*5V>-Cfi, ^^l~A9<D^2x^*Ll-^£i-59<@C> 

So 

[0085] *rl/T, ^5/ysl9T*#^fc9^<DH^ddl~dd9^oV>r % #tf>(12)5Cltf» 

[0086] ($C32) 

ddl, dd2, dd3, • • • dd9 < 10'" 
(12) 

[0087] (12) ^(D^iat*. 10" 12 ^PSbtb-r, ifn^j£V^JI^L#5Fr^ffi£ 

m^ZZt&XUZo (12)««*:-*-fc*U«*nSfc(^S'^S20;YE 
S), #^5Hdl~dd93&S+#^t-SfiVyfc.«?\ -t^B^I?*/^ 
#bn^(Oi:bT^5/^S22^jitf 0 (i2)*fe«*:*<ev^JW»r*n5fc( 
^^5/^S20;NO) , «-^ddl~dd9*S*:#<*/J^-*&«>ft3B»a s #e>n-CV> 
ftv^©iU 4 ^<D(i3)^^^##^^^Al~A9SrMSr-r-5(^>'^ , S2i 

)o 

[0088] ($C33) 
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A 1 




f A 1 


+ 


da 


i \ 


A x 






.X. 
T 




o 


A 3 




^ 3 


+ 


dd 


3 


A 4 




A 4 


+ 


dd 


4 


-4 5 




^ 5 


+ 


dd 


5 


A 6 




^ 6 


+ 


dd 


6 


^ 7 




/I 8 


+ 


dd 


7 


/* 8 




^ 8 




dd 


8 


\A9 , 




[A9 


+ 


dd 


9 J 



(13) 

[0089] ^5/7 P S2HC*5V^#>^CAl~A9^M«r^^6i:, ^T^T^T/Sl^cTOrUC 

[0090] — *\ *^y.ZfS2Qfrb^v7S22\ZW{TlTZ>Wi&\'Z. HHU(&«iEaSft»lWlC 
+^3c3e-r5t#©HR3fi[<iaV0S:^<Z> (14) 5U-J:9ff £-T5 (^^S22) o 

[0091] ($t34) 

V0 = ^lexp(^5- T?c)+ A2 exp(A6' Tx) 
+ yG exp{Al' Tx)+ ^4 exp(^8- Tx)+ ,49 

(14) 

[0092] *UC» ^2/yS22t?#biXfcWtll?S«ffi^ > 'lX^ffiVOi:. Z.<DV%&<D&&AO~- 

A9^, ^etv- : emait^i4^#-t-5(^^s23)o ^*u-«k?>> £j&Ri»<©WJia 

[0093] ^y^"S22-C»e>^HIlHlK«E©»lRJlCffiVOJCK^#, - (Sfcffi^lOO 

^m^^-r5(^>^°s24) 0 -m^ -nkmrnio^mm^ mm&ws. 

^mfel0iC^i-5M^^fe*feT^,^^^S24Xfh»^tT9-i^«fc , ?v 

[0094] £A±«ft^Lfc«t5t-, *2&mmzto&xmmnm.s'*7A\z.&^x* ms^-r 
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[0095] nk^. *nni&m<DmBM\z.^xmmirz, 0 ±mvtixt>^ *mt6j&&£.&* 

&*WLi£\jzM&xtb'z>xi>, i£ffimnm,i'X7"j*(D#;wz.£'oxte. {£v^2&<£> 
&m$&M&*m^xmkt\-n*ft5±ote&mh^mxfrz 0 sxr. *m&&m 
(Dmmiz.^x^^mm^m^<D^wc^mn^\^<^^tkcxmn-&(D 

[0096] ^^J^cioV^T{*, r.&®mo^#LTii|5^i-&S£llfite^ 

mttz^tzmmu m^M^w^x^^z./\^<t£^^u^td^m^mw 
&m^^xmw.tim*?T?i><Dxfoz>o zzx\ ^-^m^wmtLx^ -^mmio 
t^xmmm&i'-^nM&Bmi'fcm&zm.w-rz,. z.<Dtz. -i^mmo^m 

[0097] ($C35) 

Y =1.01707 exp(-0.2328-T)+ 0.38436 exp(-0.02577-T) 

+ 0.15783 exp(-8.0717E - 4-T)+ 0.12104exp(-1.8876E - 5*T)+ 12.7216 

(16) 

[0098] *LX. ±m(l6)^mU mi~4miZ&<S<ffl®&nj£(D&fflft&*&W£Uz 

ttiLtcwxfoZo 

[0099] ($C36) 



^*.ffl*ft (SHIJ26) 
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Y =1.01707 exp(-0.2328-T)+ 0.38436 exp(-0.02577-T) 

+ 0.15783 exp(-8.0717E- 4-T)+ 0.12104exp(-1.8876E-5-T) 

(17) 

[0100] E!6^i-j;5^, m$m&bkh\z.&mtemzL.X^<(DX\ m^mza^^ 

[oioi] #a^[gm*, (,\&wz.^xm^<r>^(o^^tsm^<D^m'^xm. 
[0102] (.mi) 

Y =1.01707 exp(-0.2328-T) 

(18) 

[0103] mm^s (i7)&\z&tf&$52~4m<D\,^i?frfr<Df&ft<Dfy*^trm&ki,x,m8 
^(Dm^m^xm. mionm4^(D^<D^^t^m^(Dmmw^x^o * 

[0104] (&38) 

Y = 0.38436 exp(-O.02577-T) 

(19) 

[0105] (Ifc39) 

Y = 0.15783 exp(-8.0717E - 4-T) 

(20) 

[0106] (&40) 

Y = 0.12104 exp(-1.8876E - 5-T) 

(21) 

[0107] m7^mioi^irx^^mBM(D^iM^x(om^(Dm^i^ (16)^^- 
\zWLM-r^><D\tm7\zL7jKirmi^m^x^. m^^xmm. %4m.<nmx 
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[0108] *^^0iJ-Cfi, mWs^m^ttS^-^^^^^iS^fo^-tt-^a 
[0109] 







0~1 0 


&l>S+gJ2JS+85 3Jg+$fS4JS 


1 0~6 0 


^2«+«3^+®4« 


6 0 — 6 0 0 


353JS+S4JS 


1 6 0 0~ 





[oho] *-fs *i^*i-*ffl*#i-*3v^* m5iz7Firmw&m<vffli&i%&i)^io®m 

(Dm&mmmmz&m-tZo ^x^mm^mxit, mmmmmm^mo^m 

m^w^mm^mmvxm^io^m^h^o 
[oni] -*xt-**u ^^M<7)^^B#^^io#^Lfc^5^T'fi, ^m^mw: 
<nm^m%x%z>nmz.wm-tz><nx\ ^i^^^-A^^tsm^m 

[0112] rwj;?^ ^»M<7?^^B*^^m]±^J^^^^^"C{c^i-5Hf^/j^<^ 
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[0113] Mffl«?&^xA{C:*3^S^7 i i».±<75$IJ^){-«to-C, ^^S^BS^Nf 

coin] ^mmm^n?>m^m^iom^, &*ffyt£tB>m<Dmtitems<D7u~-?-* 

[0115] ^WJKfc^TIi, ~j^ffi?felOiLtMffl#S'>— ^mfti£^u-d# 

[one] sx±mmucx^ ^mmmm^^x^ -Kmmo<z>miB\&W£<o&rm 

{'LTt>J;v\> 

[0117] #*lfeJ|gttt-*5i^-c, -fcnMio<nffl®&Ml±<D\&m!ftWi&%:Ui-Z>4ifc 
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cons] *fc, ^mmmm\z^x, (5)^z.^-r4Hk<Dmmummm^ m<ow&M. 

[0119] m4l) 

F(T)= Alexp(A5-T)+ A2exp(A6-T) 

+ A3 exp( A7-T )+ A4 exp( A8-T)- A9-T + A10 

(22) 

[0120] ±1E<D (22) SS^V vT\ - A9 -TX^tl^^S^Lfctj^T-fc^o a^S^I f± 

m^-r^m^(omm^^^tch<DXh?> 0 -(DXttm&x&^xb. mum 

S(C*5VNT(22)^10^^^Al~A10^^-r5«t9^-rtbf^, #3§ej<£>#l 

[0121] ^js^flix-tt, =&«^e<^^-<^T5/^^#«^»^®^«^w-^ 

Wife, k5VM3u *Lp5tc:^$ixS*l^~^m?&w^«^t63£-rs^Sr#^fc 
^101^,^1111^101^6^-^S^oT-^m^BO^EmWJ^m^- 

*«^«io2t, ^j^m^s^-e^^-T5^^^io3^. *mx.z>&i^x 

[0123] r<D^7tfll^i:-rsrt^J;i9, t&fciESglOIJi, Z^l&tfo5-]^t?tfeB©l 

-n^xmm'n^mmio2\t^-^^^x-^mmB<D%m^¥iM^n 
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x$z> B 

[0124] Z<Dm&lZ& ^Ul03^ 7^/^^, 5^ ^^<>:Wb£:2o 
[0125] tai2^-r<fc5l-, -R*»©ttt8«r*fti, TOJ-TSfc«)«>ttftiiaiSl01, 

[0127] iroif, ^ajioaflij^KK^ixfc^ift^ei nsr^tr, avtfa.— *i i2# 

¥flJ£*S*?*— *&£ffiU **«Bl03Sr*!l»bT*i|*3B*S:#fi1IBIl|-C**i"6. 
[0128] fc*5 N lll2O3^mm^SiK'HvlSi|^- ; l £ iJ^Ml02^4tE<TtJ:<, tfcfrlslB&lOl 

[0129] -<D£oi,cMf&-tZ)Z.k{z£'Q. m*.&. &&<D&7FU&ntfz. xn. »^fjt(- 

5o -etiex^l^, -J!fe«m*EB'J-t-«^7'/i'#-f-^ID#-g-^S:f+-^U-C*5{ttf , 
[0130] HHl^<t9^W^, ®l2Wj;5^*S^^^iiSS(0^^#^-r, m 
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[0131] £fc, ^ffiwu^JtLT, ignaoi^^^^-^mm^Bim^Mf-foo-c 
2fe«?fe3(l5«W3£3£flii07*siU5i:«Jfei06aW3fi^tJ:feS. (diwioW:r:ft«?& 

[0133] £fd, mi4T?te, ««-«WWWWSI1109W±, GPS (Global Positioning System) 

tfa^sr-rs. Rjtmii<&£*r-?iwn\ wmmi2<D 
mftmffl^*/^?8&MLnfflW^&irzwxhz> 0 tuts* Gpsmmioiz&m 
^m&(Dmzmmhfeiiix%z><Dx\ &m-WBMwmmio94&<o*stQ&&&tt\ 

[0134] £h^. mm<D-?kmm<D3tmmzmfe-tz>^tiM, mmmm\^^^m 
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[0135] £<bK. milXiZmi2<D£ot£mfFm03t, BftlB~*«?&OSK*SE»i'SIB 
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[3] ^flE^MsP^CtLT^F^TtcMb, 
(ffcl) 

F(D = 41 exp( 45- T) + 42 exp( 46- T) + c 
[4] *trlB*g*»«BB*fcLTB#raTfc#U 
(1*2) 

F(T) = 41 exp( 45- T) + 42 exp( 46- T) 
+ A3 exp( 47 • T) + 44 exp( 48- T) + 49 

(1*3) 

F(J) = 42 exp( 46- T) + A3 exp( 47- T) + 44 exp( 48- T) + A9 
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Sr. 

F(T)=A3 exp( 47 • T) + 44 exp( 48- T) + 49 

Sr. 
(&5) 

= 44 exp( 48-T) + 49 

fc-r58I!*3S3Xttt»^4^IE«<o^«ap«l^jfe. 
[6] 2^±<D-^m^.(0^ ^<c<i:tlooi:ftm?fe^oV>Tjte«*Srtll^U 

[8] A*«w*>!7*^«r*««i©3te«*^^i"a*«W3SSi«^^"^^ 



SgaJSJft (MJ26) 
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do] mmm^mMmmti^xm^T^u 
me) 

F(T) - A\ exp( AS- T) + A2 exp( A6'T) + c 



\z.±vm£ftz>m'm(T)*mi<\ smv&mAi, A2, as, a6, cz&fe-rzzb 
[in ntjiaJMSBte, m^m&mm®ctvx#FmT\z.Mu 

F(T)= A\ exp( A5-T) + A2 exp( ^6- T) 
+ A3 exp( ^47* T) + A4 exp( ,48- T) + A9 

\z£V)&ztiz>mm (t) v \ 9fla^#^cAi -A9^^^-rsr 

HtIiaMfcF(T)Sr, 
(^8) 

,F(r) = A2 exp( ^6- T) + A3 exp( ^47- T) + ,44 exp( ,48- T) + A9 
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F(T) = A3 exp( AT- T) + A4 exp( ^48- T) + A9 
(&10) 

F(T ) - A4 exp( ,48- T) + A9 

[i3] 2o^±o-^mm^^^. />7 , £< < ^4>loo-i^«m^-o^^T3lEm^^i^b^ 
[15] m^m^hm-^m^ ^^Az.^m.<D%m^m^w^m^n^^ 
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